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(57) ABSTRACT 

System and method for processing videos and images to a 
determined quality level. According to an embodiment, the 
present invention provides a method for enhancing video. The 
method includes providing a ?rst video element that is 
uncompressed. The method also includes determining 
motion information associated With the video element. The 
method further includes providing a second video element by 
removing at least a defect from the ?rst video element. The 
second video element includes a color luminance and a lumi 
nance. In addition, the method includes de-interlacing the 
second video element using the motion information. Further 
more, the method includes scaling the second video element. 
Also, the method includes providing a third video element by 
enhancing the chrominance and enhancing the luminance of 
the second video element. The method additionally includes 
outputting the third video element. 

11 Claims, 5 Drawing Sheets 
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SYSTEM AND METHOD FOR PROCESSING 
VIDEOS AND IMAGES TO A DETERMINED 

QUALITY LEVEL 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims priority from US. Provisional 
Application No. 60/867,624 ?led Nov. 29, 2006, Which is 
incorporated by reference herein. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

Not applicable 

REFERENCE TO A “SEQUENCE LISTING,” A 
TABLE, OR A COMPUTER PROGRAM LISTING 
APPENDIX SUBMITTED ON A COMPACT DISK 

Not applicable 

BACKGROUND OF THE INVENTION 

The present invention relates in general to video and image 
processing techniques. More particularly, the invention pro 
vides a method and system for automatically enhancing vid 
eos and images. Merely by Way of example, the invention is 
described as it applies to dynamically processing video and 
images for vieWing, but it should be recogniZed that the 
invention has a broader range of applicability. 

Over the last decade, With advent of consumer electronics 
and more speci?cally media players (e. g., DVD player, player 
computer, portable multimedia devices, cellular phones, 
online video processing, etc.) arc used for playing media 
contents in various formats. For a variety of reasons, media 
contents often need to be processed (e. g., enhanced, adjusted, 
etc.) before they are presented for vieWing and/or other pur 
poses. 

Typically, video enhancements include a de-interlacing, 
removing compression artifacts, scaling, etc. For these, cer 
tain conventional techniques have been developed and 
improved. Some of the conventional techniques such as 
include noise reduction, contrast enhancement, etc., are 
derived from traditional image processing techniques. As a 
result, these techniques are often inadequate. For example, 
various applications such as video enhancements often 
require fast processing speeds for providing real time video 
vieWing, and such need often not ful?lled by conventional 
techniques. Typically, real time is used to indicated that the 
processes are performed at a su?icient speed to alloW non 
interrupted vieWing. In addition, conventional enhancement 
techniques implemented as separate functional blocks that 
are burdensome and sometimes impractical to implement for 
certain applications (e.g., cellular phone display, real time 
video streaming over communication netWorks, etc.). 

Hence it is highly desirable to improve techniques for 
e?iciently and effectively enhancing videos and images. 

BRIEF SUMMARY OF THE INVENTION 

The present invention relates in general to video and image 
processing techniques. More particularly, the invention pro 
vides a method and system for automatically enhancing vid 
eos and images. Merely by Way of example, the invention is 
described as it applies to dynamically processing video and 
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2 
images for vieWing, but it should be recogniZed that the 
invention has a broader range of applicability. 

According to an embodiment, the present invention pro 
vides a method for enhancing video. The method includes 
providing a ?rst video element that is uncompressed. The 
method also includes determining motion information asso 
ciated With the video element. The method further includes 
providing a second video element by removing at least a 
defect from the ?rst video element. The second video element 
includes a luminance and chrominance. In addition, the 
method includes de-interlacing the second video element 
using the motion information. Furthermore, the method 
includes scaling the second video element. Also, the method 
includes providing a third video element by enhancing the 
chrominance and enhancing the luminance of the second 
video element. The method additionally includes outputting 
the third video element. 

According to another embodiment, the present invention 
provides method for processing video in real time. The 
method includes providing a ?rst video element that is char 
acteriZed by an compression type. The method also includes 
processing the ?rst video element to generate a second video 
element in an uncompressed type. The second video element 
includes one or more defects associated With the compression 
type. The second video element being characteriZed by a 
frame rate and a siZe. The second video element including a 
luminance and a chrominance. The method additionally 
includes removing the one or more defects free from human 
action. The method further includes determining an output 
siZe. Furthermore, the method includes scaling the siZe of 
second video element to match the output siZe. Also, the 
method includes providing a third video element by modify 
ing the luminance and the chrominance. The method also 
includes outputting the third video element. 

According to yet another embodiment, the present inven 
tion provides a method for processing image elements. The 
method includes providing a image element that is character 
iZed by a ?rst dimension. The method also includes providing 
a second dimension, the second dimension being associated 
With a graphical output. In addition, the method includes 
comparing the ?rst dimension and the second dimension. 
Furthermore, the method includes enhancing the image ele 
ment before scaling the image element if the ?rst dimension 
is smaller than the second dimension. The method addition 
ally includes scaling doWn the image element before enhanc 
ing the image element if the ?rst dimension is greater than the 
second dimension. Furthermore, the method includes provid 
ing the graphical output being characterized by the second 
dimension. 

According to yet another embodiment, the present inven 
tion provides a method for processing image elements. The 
method includes providing a ?rst image element that is 
uncompressed. The method additionally includes providing a 
?rst data and a second data. The ?rst data is associated With a 
chrominance of the ?rst image element. The second data is 
associated With a luminance of the ?rst image element. The 
method further includes manipulating the ?rst data. Addition 
ally, the method includes manipulating the second data. Fur 
thermore, the method includes providing a second image 
element. The second image element is based on the ?rst image 
element, the manipulated ?rst data and the manipulated sec 
ond data. The manipulating the ?rst and manipulating the 
second data are performed in parallel. 
According to yet another embodiment, the present inven 

tion provides a system for processing one or more image 
elements. The system includes an interface for receiving a 
?rst image element. The system additionally includes a ?rst 
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module for providing a second image element by removing at 
least one graphical defect from the ?rst image element. The 
system also includes a second module for providing a third 
image element by at least de-interfacing the second module. 
The de-interfacing involves using motion information that is 
associated With the second image element. The system further 
includes a fourth module for providing a fourth image ele 
ment by at least scaling the third image element. The fourth 
image element and the third image element have substantially 
equal aspect ratios. Additionally, the system includes a ?fth 
module for providing a ?fth image element by enhancing a 
luminance and a chrominance of the fourth image element. 

It is to be appreciated that embodiments according to the 
present invention offer various advantages over conventional 
techniques. For example, the embodiments of the present 
invention provide an integrated and e?icient solution for 
enhancing videos and/or images. In a speci?c embodiment, 
the present invention provides a mechanism for saving com 
putational resources by optimiZing the sequence for video 
processing. In another embodiment, the present invention 
provides a technique for performing different enhancements 
in parallel, thus reducing processing time. Furthermore, 
embodiments of the present invention can be integrated into 
conventional systems With ease. There are other bene?ts as 
Well. 

Various additional objects, features and advantages of the 
present invention can be more fully appreciated With refer 
ence to the detailed description and accompanying draWings 
that folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed diagram illustrating a system for 
implementing an embodiment of the present invention. 

FIG. 2 is a functional block diagram illustrating a graphical 
processor according the present invention. 

FIG. 3 is a functional block diagram illustrating a graphical 
enhancement system according to an embodiment of the 
present invention. 

FIG. 4 is a functional block diagram illustrating a graphical 
enhancement system according to another embodiment of the 
present invention. 

FIG. 5 is a functional block diagram illustrating a graphical 
enhancement system according to an alternative embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates in general to video and image 
processing techniques. More particularly, the invention pro 
vides a method and system for automatically enhancing vid 
eos and images. Merely by Way of example, the invention is 
described as it applies to dynamically processing video and 
images for vieWing, but it should be recogniZed that the 
invention has a broader range of applicability. 
As discussed above, conventional techniques for enhanc 

ing images and videos are often inadequate. More speci? 
cally, conventional techniques often do not offer an integrated 
solution for video and/ or image enhancement that is fast and 
e?icient enough for many of today’s applications. 

Therefore, it is to be appreciated that various embodiments 
of the present invention provides an integrated and e?icient 
solution for video and/or image processing. Video enhance 
ments according to the present invention are to improve sub 
jective visual quality of video sequence for a Wide variety of 
display devices in order to give vieWers and/ or users a more 
pleasant vieWing experience. For example, these goals are 
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4 
achieved by using various mathematical algorithms, Which 
are implemented as ?rmWare on embedded systems, IC chips 
and other digital processors/ systems, and/ or as softWare mod 
ules. 

These algorithms change pixel values of digital video 
frames/?elds and may include a temporal domain processing 
(inter-frames). In particular, luminance and chrominance 
enhancements play a vital role in video enhancement due to 
the sensitivity of human eyes to contrast, details as Well as 
primary colors. Typically, luminance enhancement includes 
dynamic contrast/ brightness enhancement and edge enhance 
ment. For example, the dynamic contrast/ brightness enhance 
ment is for adjusting overall brightness and increase contrast 
of a video frame/?eld. The edge enhancement is usually use 
for sharpening edges so as to exhibit details better that are 
usually visually more noticeable in a video frame/?eld. 
Chrominance enhancements are directed to adjusting various 
colors (e.g., primary colors such as read, green and blue) in 
color spaces so that video Will look more vivid and saturated. 
In certain application, chrominance enhancement includes 
skin tone enhancement that makes skin color more natural 
and fresh. In certain instances, the improvements not mea 
sured in quanti?able terms, but are easily appreciated by the 
eyes average consumers if the techniques are effectively 
implemented. 

There are other types of enhancements. For example, some 
of the subtle improvements such as distortion reduction, arti 
facts removal, etc., need to be appreciated by trained eyes. In 
various embodiments, the present invention provides systems 
and techniques Where these enhancements are performed. 

FIG. 1 is a simpli?ed diagram illustrating a system for 
implementing an embodiment of the present invention. This 
diagram is merely an example, Which should not unduly limit 
the scope of the claims. One of ordinary skill in the art Would 
recogniZe many variations, alternatives, and modi?cations. 
As shoWn in FIG. 1, an entertainment system 100 includes a 
source component 102, a graphical processor 103, an audio 
processor 104, speakers 101 and 106, and a display 105. 

The source component 102 is con?gured to provide images 
and videos. For example, the source component is a DVD 
player that depressed video stored on DVDs. In addition, the 
source component 102 may output images (e. g., from a photo 
CD) as Well. Depending on the application, the source com 
ponent 102 may also be aVHS player, a blu-ray player, etc. As 
an example, the source component 102 includes a communi 
cation interface for receiving videos and/or images from com 
munication netWorks. In a speci?c embodiment, the source 
component 102 receives videos and images over the Internet. 
In another speci?c embodiment, the source component 102 
receives videos and images over a Wireless communication 
netWork. 

The source component 102 is con?gured to provide 
uncompressed video and audio outputs. As an example, the 
source component 102 includes hardWare decoder for decod 
ing compressed media contents. For example, compressed 
media contents (e.g., movies stored on a DVD) are decoded 
by a hardWare decoder of the source component. As an 
example, the uncompressed video data outputted by the 
source component 102 is in compliance With a YUV 420 
standard. As another example, the source component 102 is a 
media reader that decodes compressed images (e.g., JPEG 
images) for display. The decompressed audio is sent to the 
audio processor 104, Which may be a receiver, an ampli?er, 
etc. As an example, the audio processor 104 is con?gured to 
provide output to audio devices, such as speakers 101 and 
106. The decompressed video and/or image are sent to the 
graphical processor 103. 
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The graphical processor 103 is used to perform a variety of 
functions for enhancing the decompressed videos and/or 
images received from the source component 102. The graphi 
cal processor 103 then output the enhanced videos and/or 
images to the display 105. For example, the display 105 is a 
liquid crystal display (LCD). In various embodiments, the 
graphical processor 103 is con?gured boost output signals 
speci?cally for the LCD display. 

It is to be appreciated that that various embodiments of the 
present invention may be implemented in many Ways . Various 
techniques according to the present invention may be imple 
mented as embedded chipsets for different types of devices 
(e.g., cellular phone, portable media player, camcorder, dis 
plays, etc.). In addition, embodiments according to the 
present invention can be implemented using softWare, 
thereby alloWing existing devices (e.g., computer, personal 
digital assistant, smart phone, etc.) to utiliZe various tech 
niques from the present invention. 

FIG. 2 is a functional block diagram illustrating a graphical 
processor according the present invention. This diagram is 
merely an example, Which should not unduly limit the scope 
of the claims. One of ordinary skill in the art Would recogniZe 
many variations, alternatives, and modi?cations. As shoWn in 
FIG. 2 a graphical processor 200 includes an input 201, a user 
interface 202, a processor 203, a memory 204, and an output 
205. Depending on the speci?c application, the input 201 may 
be aVGA interface, a video interface, or other types of graphi 
cal interface. Likely, the output 205 may be implemented as 
various types of graphical interfaces. The memory 204 is used 
to store code for graphical enhancement. 

FIG. 3 is a functional block diagram illustrating a graphical 
enhancement system according to an embodiment of the 
present invention. This diagram is merely an example, Which 
should not unduly limit the scope of the claims. One of 
ordinary skill in the art Would recogniZe many variations, 
alternatives, and modi?cations. 
As shoWn in FIG. 3, a graphical enhancement system 300 

includes the folloWing components: 
. an input 301; 
. a color space converter 302; 

. an input selector 303; 

. a defect removing module 304; 

. a 3D noise reduction module 305; 

. a de-interlacing module 307; 

. a vertical scaling module 309; 

. a horiZontal scaling module 310; 

. a luminance enhancement module 311; 

10. a chrominance enhancement module 312; and 
11. a LCD boost module 313. 
According to an embodiment, the system 300 is used for 

enhancing video and/or images in real time. The system 300 
receives an input, Which may include video and/or image 
information, in an uncompressed format. For example, the 
input complies With YUV 420 format. Depending upon the 
application the system 300 may process other formats (e.g., 
YUV 422, YUV 444, etc.) as Well. Sometimes, the received 
input needs to be converted into proper color space. The color 
space converter 302 is con?gured to convert images and/or 
videos from one color space to another. The selector 303 is 
used to select proper video and/or image that are to be pro 
cessed. For example, the selector 303 selects videos and/or 
images that are in the proper color space for processing. In 
certain embodiments, When the received video and/ or images 
are stored in a buffer before processing. 

The selected videos and/or images are then processed by 
the module 304 to remove various defects. In a speci?c 
embodiment, the module 304 is speci?cally con?gured to 
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6 
remove artifacts, such as blocks, ringing, mosquitos, moire, 
etc., associated With video and/ or image compression. For 
example, the module 304 performs de-blocking, de-ringing, 
and/ or de-mo squito. It is to be understood that the module 3 04 
may remove other types of defects as Well, such as moire, etc. 
After the module 304 removes defects, motion information is 
obtained and provided to the module 307. Depending upon 
the speci?c application, the motion information may include 
motion adaptive data and/ or motion compensation data that 
can be used for the process of de-interlacing. 
The module 305 is used for performing 3D noise reduction. 

As an example, 3D noise reduction according to an embodi 
ment of the present invention involves comparing tWo frames 
in a video for removing certain types of noises. As an 
example, the 3D noise reduction process is applied to differ 
ent ?elds of the video and/or image. 
The module 307 is used for de-interlacing the video and/or 

image. Typically, de-interlacing is required for many types of 
displays. HoWever, an interlaced image involves scan of alter 
nate lines at a given time, Which is typically acceptable for 
CRT type of display. For example, LCDs and plasma displays 
are inherently progressive scan and are typically unable to 
properly display interlaced video and/or images. A de-inter 
lacing process often involves temporal interpolation of image 
so every line is displayed. In addition, de-interlacing can also 
reduce ?icker or other types of distortions. In a speci?c 
embodiment, the module 307 uses a motion adaptive tech 
nique for de-interlacing. In another embodiment, the module 
307 uses a motion compensated technique for de-interlacing. 
The module 307 may use other types of de-interlacing tech 
niques as Well. 
The module 309 is used for performing vertical scaling. 

For example, the input video and/or image resolution often 
does not match the output format. For example, for a standard 
VGA video (640x480) to be displayed on a HD 1080p display 
(1920x1080), the VGA video needs to be scaled up. In an 
embodiment, the module 309 automatically performs scaling 
based on the input and output resolutions. In addition, the 
module 309 may also determine the aspect ratio to determine 
if the same aspect ratio is to be used or a neW aspect ratio is to 
be used. For example, to convert VGA siZe to 1080p siZe, the 
aspect ratios are different: VGA is 4:3 and 1080p is 16:9. To 
preserve some of the aspect ratio, some part of the 1080p 
display is left blank. Alternatively, the VGA siZe is crop or 
stretched to ?t. As an example, the module 309 may use 
various types of scaling techniques, such as resampling, inter 
polation, etc. 
The module 310 is used for performing horiZontal scaling. 

As explained above, the module 310 may apply various types 
of scaling technique. The scaling factor used for horiZontal 
scaling may be based on a scaling factor determined by the 
module 309 as a function of the input and output aspect ratio 
and resolution. In a speci?c embodiment, horiZontal scaling 
factor is determined independently by the module 310. 
The module 311 is provided for enhancing video and/or 

images related to luminance. In image and video processing 
systems, luminance includes signal used to carry luma infor 
mation. In various embodiments, the module 311 is used for 
noise reduction, peaking adjustment, contrast and brightness 
adjustment, etc. For example, peaking adjustment selectively 
adjusting high frequency components in a video and/or 
image, thereby improving details and edges in the video and/ 
or image. The module 311 can perform other types of lumi 
nance-based enhancements as Well. In a speci?c embodi 
ment, the module 311 performs luminance enhancement in an 
integrated process. In a speci?c embodiment, the module 311 
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performs a black and White extension. As an example, the 
black and White extension provides true black and true White 
for vieWing. 

The module 312 is provided for enhancing video and/or 
images related to chrominance. In image and video process 
ing systems, chrominance includes signal used to carry color 
information. In various embodiments, the module 312 is used 
for color and/ or skin tone adjustments, etc. The module 312 
can perform other types of chrominance-based enhancements 
as Well. In a speci?c embodiment, the module 312 performs 
luminance enhancement in an integrated process. Depending 
on the speci?c application, luminance and chrominance 
enhancements as performed by the modules 311 and 312 may 
be performed in series or parallel, and the order of Which may 
be reversed. 

The module 313 is used for providing LCD boosts. Typi 
cally, video and/or image signals that are for CRT type of 
display are often not bright or strong enough. The module 313 
is used for provide a boost so the video and/or image can be 
properly displayed. In addition, in an exemplary embodiment 
the module 313 is also capable of removing motion blur 
associated With LCD display. 

FIG. 4 is a functional block diagram illustrating a graphical 
enhancement system according to an alternative embodiment 
of the present invention. This diagram is merely an example, 
Which should not unduly limit the scope of the claims. One of 
ordinary skill in the art Would recogniZe many variations, 
alternatives, and modi?cations. 
As shoWn in FIG. 4, a graphical enhancement system 400 

includes the folloWing components: 
1. an input 401; 

. a color space converter 402; 

. an input selector 403; 

. a defect removing module 404; 

. a 3D noise reduction module 405; 

. a dc-interlacing module 407; 

. a vertical scaling module 409; 

. a horiZontal scaling module 410; 
9. a luminance enhancement module 411; 
10. a chrominance enhancement module 412; and 
11. a LCD boost module 413. 
According to an embodiment, the system 400 is used for 

enhancing video and/or images in real time. The system 400 
receives an input, Which may include video and/or image 
information, in an uncompressed format. For example, the 
input complies With YUV 420 format. Depending upon the 
application the system 400 may process other formats (e.g., 
YUV 422. YUV 444. etc.) as Well. Sometimes. the received 
input needs to be converted into proper color space. The color 
space converter 402 is con?gured to convert images and/or 
videos from one color space to another. The selector 403 is 
used to select proper video and/or image that are to be pro 
cessed. For example, the selector 403 selects videos and/or 
images that arc in the proper color space for processing. 

The selected videos and/or images are then processed by 
the module 404 to remove various defects. In a speci?c 
embodiment, the module 404 is speci?cally con?gured to 
remove artifacts associated With video and/or image com 
pression. For example, the module 404 performs de-blocking, 
de-ringing, and/or de-mosquito. It is to be understood that the 
module 404 may remove other types of defects as Well, such 
as moire, etc. After the module 404 removes defects, motion 
information is obtained and provided to the module 407. 
Depending upon the speci?c application, the motion infor 
mation may include motion adaptive data and/ or motion com 
pensation data that can be used for the process of de-interlac 
ing. 
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8 
The module 405 is used for performing 3D noise reduction. 

In various embodiments, the 3D noise reduction performed 
by the module 405 involves removing noise from tWo spatial 
dimensions and a temporal dimension. According to certain 
alternative embodiments, the module 405 is also capable of 
performing 2D and/ or 3D noise reduction. As an example, a 
3D noise reduction according to an embodiment of the 
present invention involves comparing tWo frames in a video 
for removing certain types of noises. As an example, the 3D 
noise reduction process is applied to different ?elds of the 
video and/or image. 
The module 407 is used for de-interlacing the video and/or 

image. Typically, de-interlacing is required for many types of 
displays. For example, LCDs and plasma displays are inher 
ently progressive scan and are typically unable to properly 
display interlaced video and/ or images. In addition, de-inter 
lacing can also reduce ?icker or other types of distortions. In 
a speci?c embodiment, the module 407 uses a motion adap 
tive technique for de-interlacing. In another embodiment, the 
module 407 uses a motion compensated technique for de 
interlacing. The module 407 may use other types of de-inter 
lacing techniques as Well. 
The module 409 is used for performing vertical scaling. 

For example, the input video and/or image resolution often 
does not match the output format. For example, for a standard 
VGA video (640x480) to be displayed on a HD 1080p display 
(1920x1080), the VGA video needs to be scaled up. In an 
embodiment, the module 409 automatically performs scaling 
based on the input and output resolutions. In addition, the 
module 409 may also determine the aspect ratio to determine 
if the same aspect ratio is to be used or a neW aspect ratio is to 
be used. For example, to convert VGA size to 1080p size, the 
aspect ratios are different: VGA is 4:3 and 1080p is 16:9. To 
preserve some of the aspect ratio, some part of the 1080p 
display is left blank. Alternatively, the VGA siZe is crop or 
stretched to ?t. As an example, the module 409 may use 
various types of scaling techniques, such as resampling, inter 
polation, etc. 
The module 410 is used for performing horiZontal scaling. 

As explained above, the module 410 may apply various types 
of scaling technique. The scaling factor used for horiZontal 
scaling may be based on a scaling factor determined by the 
module 409 as a function of the input and output aspect ratio 
and resolution. In a speci?c embodiment, horiZontal scaling 
factor is determined independently by the module 410. 

According to an embodiment, the modules 411 and the 
module 412 enhance videos and/or images independently in 
parallel. For example. the module 412 is speci?cally designed 
to enhance videos and/or images by processing chrominance 
information (U and V channels of the YUV signal). The 
module 411 is speci?cally designed to enhance videos and/or 
images by processing luminance information (Y channel of 
the YUV signal). 
The module 411 is provided for enhancing video and/or 

images related to luminance. In various embodiments, the 
module 411 is used for noise reduction, peaking adjustment, 
contrast and brightness adjustment, etc. The module 411 can 
perform other types of luminance-based enhancements as 
Well. In a speci?c embodiment, the module 411 performs 
luminance enhancement in an integrated process. 
The module 412 is provided for enhancing video and/or 

images related to chrominance. In various embodiments, the 
module 412 is used for color and/or skin tone adjustments, 
etc. The module 412 can perform other types of chrominance 
based enhancements as Well. In a speci?c embodiment, the 
module 412 performs luminance enhancement in an inte 
grated process. 
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The module 413 is used for providing LCD boosts. Typi 
cally, video and/or image signals that are for CRT type of 
display are often not bright or strong enough. The module 413 
is used for provide a boost so the video and/or image can be 
properly displayed. 

FIG. 5 is a functional block diagram illustrating a graphical 
enhancement system according to an alternative embodiment 
of the present invention. This diagram is merely an example, 
Which should not unduly limit the scope of the claims. One of 
ordinary skill in the art Would recogniZe many variations, 
alternatives, and modi?cations. 
As shoWn in FIG. 5, a graphical enhancement system 500 

includes the folloWing components: 
1. an input 501; 

. a color space converter 502; 

. an input selector 503; 

. a defect removing module 504; 

. a 3D noise reduction module 505; 

. a de-interlacing module 507; 

. a scaling module 509; 

. a module selector 520; 

9. a luminance enhancement module 511; 
10. a chrominance enhancement module 512; and 
11. a LCD boost module 513. 
According to an embodiment, the system 500 is used for 

enhancing video and/or images in real time. The system 500 
receives an input, Which may include video and/or image 
information, in an uncompressed format. For example, the 
input complies With YUV 420 format. Depending upon the 
application the system 500 may process other formats (e.g., 
YUV 422, YUV 444, etc.) as Well. Sometimes, the received 
input needs to be converted into proper color space. The color 
space converter 502 is con?gured to convert images and/or 
videos from one color space to another. The selector 503 is 
used to select proper video and/or image that are to be pro 
cessed. For example, the selector 503 selects videos and/or 
images that are in the proper color space for processing. 

The selected videos and/or images are then processed by 
the module 404 to remove various defects. In a speci?c 
embodiment, the module 504 is speci?cally con?gured to 
remove artifacts associated With video and/or image com 
pression. For example, the module 504 performs de-blocking, 
de-ringing, and/or de-mosquito. It is to be understood that the 
module 504 may remove other types of defects as Well, such 
as moire, etc. After the module 404 removes defects, motion 
information is obtained and provided to the module 507. 
Depending upon the speci?c application, the motion infor 
mation may include motion adaptive data and/ or motion com 
pensation data that can be used for the process of de-interlac 
mg. 

The module 505 is used for performing 3D noise reduction. 
As an example, 3D noise reduction according to an embodi 
ment of the present invention involves comparing tWo frames 
in a video for removing certain types of noises. As an 
example, the 3D noise reduction process is applied to differ 
ent ?elds of the video and/or image. 

The module 507 is used for de-interlacing the video and/or 
image. Typically, de-interlacing is required for many types of 
displays. For example, LCDs and plasma displays are inher 
ently progressive scan and are typically unable to properly 
display interlaced video and/ or images. In addition, de-inter 
lacing can also reduce ?icker or other types of distortions. In 
a speci?c embodiment, the module 507 uses a motion adap 
tive technique for de-interlacing. In another embodiment, the 
module 507 uses a motion compensated technique for de 
interlacing. The module 507 may use other types of de-inter 
lacing techniques as Well. 
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10 
The selector 520 is used to determine the order in Which 

scaling and enhancement processes are performed. It is to be 
appreciated that the selector 520 reduces the computational 
costs involved With scaling and enhancement. In a speci?c 
embodiment, the selector 520 compares the input resolution 
and output resolution. If the input videos and/ or images are to 
be scaled up, it is more ef?cient to perform enhancement 
before scaling. For example, it is computationally cheaper to 
perform enhancement When videos and/ or images are at 
smaller siZes. On the other hand, if the input videos and/or 
images are to be scaled doWn, it is more e?icient to perform 
enhancement after scaling. Once the selector 520 determines 
the order for performing scaling and enhancement, the videos 
and/or images are sent to the module 509 or the modules 512 
and 513. 
The module 509 is used for performing both vertical and 

horiZontal scaling. For example, the input video and/or image 
resolution often does not match the output format. For 
example, for a standard VGA video (640x480) to be dis 
played on a HD 1080p display (1920x1080), the VGA video 
needs to be scaled up. In an embodiment, the module 509 
automatically performs scaling based on the input and output 
resolutions. In addition, the module 509 may also determine 
the aspect ratio to determine if the same aspect ratio is to be 
used or a neW aspect ratio is to be used. For example, to 
convert VGA siZe to 1080p siZe, the aspect ratios are differ 
ent: VGA is 4:3 and 1080p is 16:9. To preserve some ofthe 
aspect ratio, some part of the 1080p display is left blank. 
Alternatively, the VGA siZe is crop or stretched to ?t. As an 
example, the module 509 may use various types of scaling 
techniques, such as resampling, interpolation, etc. The scal 
ing factor used for horizontal scaling may be based on a 
scaling factor related to the vertical scaling as a function of the 
input and output aspect ratio and resolution. 

According to an embodiment, the modules 511 and the 
module 512 enhance videos and/or images independently in 
parallel. For example, the module 512 is speci?cally designed 
to enhance videos and/or images by processing chrominance 
information (U and V channels of the YUV signal). The 
module 511 is speci?cally designed to enhance videos and/or 
images by processing luminance information (Y channel of 
the YUV signal). 
The module 511 is provided for enhancing video and/or 

images related to luminance. In various embodiments, the 
module 511 is used for noise reduction, peaking adjustment, 
contrast and brightness adjustment, etc. The module 511 can 
perform other types of luminance-based enhancements as 
Well. In a speci?c embodiment, the module 511 performs 
luminance enhancement in an integrated process. 
The module 512 is provided for enhancing video and/or 

images related to chrominance. In various embodiments, the 
module 512 is used for color and/or skin tone adjustments, 
etc. The module 512 can perform other types of chrominance 
based enhancements as Well. In a speci?c embodiment, the 
module 512 performs luminance enhancement in an inte 
grated process. 
The module 513 is used for providing LCD boosts. Typi 

cally, video and/or image signals that arc for CRT type of 
display arc often not bright or strong enough. The module 513 
is used for provide a boost so the video and/or image can be 
properly displayed. 

According to an embodiment, the present invention pro 
vides a method for enhancing video. The method includes 
providing a ?rst video element that is uncompressed. The 
method also includes determining motion information asso 
ciated With the video element. The method further includes 
providing a second video element by removing at least a 
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defect from the ?rst video element. The second video element 
includes a color luminance and a light luminance. In addition, 
the method includes de-interlacing the second video element 
using the motion information. Furthermore, the method 
includes scaling the second video element. Also, the method 
includes providing a third video element by enhancing the 
chrominance and enhancing the luminance of the second 
video element. The method additionally includes outputting 
the third video element. For example, the embodiment is 
illustrated according to FIG. 3. 

According to yet another embodiment, the present inven 
tion provides a method for processing image elements. The 
method includes providing a image element that is character 
ized by a ?rst dimension. The method also includes providing 
a second dimension, the second dimension being associated 
With a graphical output. In addition, the method includes 
comparing the ?rst dimension and the second dimension. 
Furthermore, the method includes enhancing the image ele 
ment before scaling the image element if the ?rst dimension 
is smaller than the second dimension. The method addition 
ally includes scaling doWn the image element before enhanc 
ing the image element if the ?rst dimension is greater than the 
second dimension. Furthermore, the method includes provid 
ing the graphical output being characterized by the second 
dimension. For example, the embodiment is illustrated 
according to FIG. 5. 

According to yet another embodiment, the present inven 
tion provides a method for processing image elements. The 
method includes providing a ?rst image element that is 
uncompressed. The method additionally includes providing a 
?rst data and a second data. The ?rst data is associated With a 
chrominance of the ?rst image element. The second data is 
associated With a luminance of the ?rst image element. The 
method further includes manipulating the ?rst data. Addition 
ally, the method includes manipulating the second data. Fur 
thermore, the method includes providing a second image 
element. The second image element is based on the ?rst image 
element, the manipulated ?rst data and the manipulated sec 
ond data. The manipulating the ?rst and manipulating the 
second data are performed in parallel. For example, the 
embodiment is illustrated according to FIG. 4. 

According to yet another embodiment, the present inven 
tion provides a system for processing one or more image 
elements. The system includes an interface for receiving a 
?rst image element. The system additionally includes a ?rst 
module for providing a second image element by removing at 
least one graphical defect from the ?rst image element. The 
system also includes a second module for providing a third 
image element by at least de-interfacing the second module. 
The de-interfacing involves using motion information that is 
associated With the second image element. The system further 
includes a fourth module for providing a fourth image ele 
ment by at least scaling the third image element. The fourth 
image element and the third image element have substantially 
equal aspect ratios. Additionally, the system includes a ?fth 
module for providing a ?fth image element by enhancing a 
chrominance and a luminance of the fourth image element. 
For example, the embodiment is illustrated according to FIG. 
3. 

It is to be appreciated that embodiments according to the 
present invention offer various advantages over conventional 
techniques. For example, the embodiments of the present 
invention provide an integrated and e?icient solution for 
enhancing videos and/or images. In a speci?c embodiment, 
the present invention provides a mechanism for saving com 
putational resources by optimizing the sequence for video 
processing. In another embodiment, the present invention 
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12 
provides a technique for performing different enhancements 
in parallel, thus reducing processing time. Furthermore, 
embodiments of the present invention can be integrated into 
conventional systems With ease. There are other bene?ts as 
Well. 

Although speci?c embodiments of the present invention 
have been described, it Will be understood by those of skill in 
the art that there are other embodiments that are equivalent to 
the described embodiments. Accordingly, it is to be under 
stood that the invention is not to be limited by the speci?c 
illustrated embodiments, but only by the scope of the 
appended claims. 

What is claimed is: 
1. A computer implemented method for processing video 

in real time in a computer system programmed to perform the 
method comprising: 

receiving in the computer system, a ?rst video element, the 
?rst video element being characterized by a compres 
sion type; 

processing in the computer system the ?rst video element 
to generate a second video element in an uncompressed 
type, the second video element including one or more 
defects associated With the compression type, the sec 
ond video element being characterized by a frame rate 
and a size, the second video element including a lumi 
nance and a chrominance; 

generating With the computer system a third video element 
by removing the one or more defects free from human 
action from the second video element; 

determining With the computer system an output size; 
scaling With the computer system a size of the third video 

element to match the output size; thereafter 
providing determining With the computer system a fourth 

video element by modifying a luminance and a chromi 
nance of the third video element; and 

outputting With the computer system the fourth video ele 
ment. 

2. The computer implemented method of claim 1 further 
comprising de-interlacing With the computer system the sec 
ond video element. 

3. The computer implemented method of claim 2 Wherein 
de-interlacing With the computer system is selected from a 
group consisting of: adding With the computer system a ?rst 
?eld and a second ?eld of the second video element, blending 
With the computer system a ?rst ?eld and a second ?eld of the 
second video element. 

4. The computer implemented method of claim 1 Wherein 
the one or more defects are selected from a group consisting 

of: blocking defect, noise defect, mosquito defect. 
5. A computer implemented method for processing videos 

in real time on a computer system programmed to perform the 
method comprising: 

receiving in the computer system a ?rst video element, the 
video element being uncompressed; 

storing in the computer system the ?rst video element; 
determining With the computer system a second video ele 
ment by removing at least a defect from the ?rst video 
element free from human action, Wherein the defect is 
associated With a type of video compression, and 
Wherein the second video element has an associated 
luminance and associated chrominance; 

determining With the computer system Whether the second 
video element is interlaced; 

performing With the computer system a de-interlacing pro 
cess of the second video element When it is determined 
that the second video element is interlaced; 
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scaling With the computer system the second Video element 
free from a human action; 

determining With the computer system a third Video ele 
ment by modifying the associated luminance and modi 
fying the associated chrominance of the second Video 
element; and 

outputting With the computer system the third Video ele 
ment. 

6. The computer implemented method of claim 5 Wherein 
the ?rst Video element is selected from a group consisting of: 
a Video ?le, a Video stream. 

7. The computer implemented method of claim 5 Wherein 
modifying the associated luminance is selected from a group 
consisting of: adjusting peaking and contrast, adjusting a 
contrast associated With the second Video element, providing 
a black and White extension, adjusting a brightness associated 
With the second Video element, removing tWo-dimensional 

14 
noises associated With the second Video element, adjusting a 
peaking associated With the second Video element. 

8. The computer implemented method of claim 5 Wherein 
the one or more defects are selected from a group consisting 

of: blocking defect, noise defect, mosquito defect. 
9. The computer implemented method of claim 5 Wherein 

motion information is selected from a group consisting of: 
motion adaptive information, motion compensated informa 
tion. 

10. The computer implemented method of claim 5 Wherein 
a color space of the ?rst Video element is different from a 
color space of the third Video element. 

11. The computer implemented method of claim 5 further 
comprising boosting With the computer system the third 
Video element by an amount associated With a liquid crystal 
display. 


